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McLeod  and  Govenlock  (1)  in  1921  reported  the  occurrence  in
pneumococcus  cultures  of  a  heat-labile  substance  which  was  inhib-
itory to the further growth  of  this and other organisms.  The name
bactericidin  was  first suggested by these  authors.  Further work  by
McLeod  and  Gordon  (2,  3) indicates  that this substance is hydrogen
peroxide,  and  that it may  occur  in cultures  of  organisms  other  than
pneumococcus,  as Bacillus bulgaricus, Bacillus acidophilus, and certain
coccal  and  sarcinal  forms.  In  a  recent  communication  (4)  these
authors  present  a  scheme  of  classification  of  bacteria  based  upon
their  properties  of catalase  production  and sensitiveness  to hydrogen
peroxide.
The growth-inhibitory  substance  of bacterial  origin was  found by the English
investigators  to be  sensitive  to the action  of heat  (850C.),  and of  catalase;  the
gas  evolved  on adding  catalase  to a  culture  concentrate  proved  to  be  oxygen.
From  these  and other  chemical  reactions  they conclude  that  this unstable  bac-
tericidal product  of growth  which  develops  particularly  in  cultures  of pneumo-
coccus,  is hydrogen  peroxide  rather  than  some  organic  peroxide.  It does  not
occur in cultures deprived of oxygen or in those which contain abundant  catalase.
McLeod  and  Gordon further  ascribe  to the action  of this  substance  the changes
in blood pigment effected  by growth of pneumococcus.  They  conclude that the
early death  of  pneumococci  in cultures is usually  due  to the  accumulation  of an
excess  of hydrogen  peroxide.
The  present  studies  on  bacterial  peroxide,  reported  in  this  and
subsequent  papers,  deal  with  the  occurrence  of  this  substance  in
cultures  of  pneumococci,  its  effect  upon  bacterial  growth,  and  its
relation  to  other phenomena  of  cell activity.  The present  paper  is
concerned  with  (1)  the factors  influencing the occurrence  of  peroxide
in  cultures  of pneumococcus,  (2)  factors  influencing  the  stability  of
275PEROXIDE  IN  CULTURES  OF  PNEUMOCOCCUS
peroxide  in  cultures  of  pneumococcus,  and  (3)  the  occurrence  of
peroxide  in cultures  of  pneumococcus,  Streptococcus  viridans, Strep-
tococcus  mucosus,  Streptococcus  hemolyticus,  and  Staphylococcus
aureus.
EXPERIMENTAL.
1. Factors Influencing the Occurrence  of Peroxide in Cultures of
Pneumococcus.
Exposure to  Atmospheric Oxygen.-From preliminary  experiments
it became  evident  that the  rapidity  with  which  peroxide  is  formed
in  broth  cultures  of  pneumococcus  is  dependent,  in  part  at  least,
upon the depth  of the column  of culture  fluid,  and the extent  of  the
surface  area  in  direct  contact  with  air.'  In  order  to  demonstrate
this fact further, the  following experiment was performed.
Experiment 1.-150  cc.  of plain broth  were placed  in a 300  cc.  Florence flask
and  inoculated  with  0.1  cc.  of  an 8 hour  plain  broth  culture  of  Pneumococcus
Type II.  At  the same  time 50  cc.  of the  same lot of broth in a  500  cc. Erlen-
meyer  flask  were  similarly  inoculated.  Both  flasks  were  incubated  at  370C.
Tests for peroxide were made after 18  and 24 hour periods of incubation.  Autol-
ysis  was  noted  in both  cultures  at  the  24  hour  observation.  The  results  are
given  in Table I.
Experiment 1 shows that peroxide is demonstrable  early in a broth
culture  of pneumococcus which has a large surface  of shallow  culture
fluid  directly exposed to air.  On the other  hand,  if pneumococci  are
grown under conditions  which  allow  only a small surface  area of fluid
to be in contact with air, that is if  the culture  flask  has  a  diameter
such that  the column  of  fluid is  deep,  rather  than shallow,  peroxide
formation  does not occur early.
That oxygen must be available before peroxide formation can occur,
is further demonstrated  by Experiment  2.
1  The test for  peroxide used in this work is as follows:  0.5 cc.  of  the fluid to be
tested is  placed  in a  small  test-tube.  A  piece  of fresh  unheated  potato,  1 by
0.5  cm.,  is  utilized  as  the  peroxidase.  This  is  immersed  in  the  fluid  and  2  or
3  drops  of  freshly  prepared  saturated  glacial  acetic  acid  solution  of  benzidine
is added.  The  color reaction  indicating  the  presence  of  peroxide  varies  from  a
faint light blue,  confined  to the plant tissue,  to an intense  dark  blue,  discoloring
both the potato and the fluid.  The reaction is prompt, and the color fades rapidly,
so that readings  should be made at the time the test is performed.
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Experiment 2.-Two  250 cc. Erlenmeyer  flasks, each containing  50 cc.  of  broth
were  placed  in  boiling  water  for  30  minutes,  and  then  rapidly  cooled  without
shaking.  Both  flasks  were  then  seeded  with  0.5  cc.  of  an  8  hour  plain broth
culture of pneumococcus.  One flask  was placed immediately in an anaerobic  jar,
while with  the other no attempt  was made to exclude  oxygen  during incubation.
After  36 hours  at 37°C.,  at  which  time  the cultures  were  undergoing  autolysis,
the  contents of both  flasks  were passed  through separate  Berkefeld  filters.  The
filtrates were  then tested for peroxide.  The results are shown in Table II.
TABLE  I.
Effect of Surface Exposure of Broth Culture of Pneumococcus upon Peroxide
Formation.
Inoculum.  Peroxide test
8 hr. broth  after incubation.
Type of container and amount of culture  fluid.  culture of Pneumo-
coccus  18 hrs.  24hrs.*
Type  .
CC.
300 cc. Florence  flask  containing 150  cc.  of broth.  0.1
500  "  Erlenmeyer  "  "  50  "  "  "  0.1  +  +
* Autolysis present  in both cultures.
TABLE  II.
Effect  of Absence of Free Oxygen upon Peroxide Formation by Pneumococcus.
Peroxide test
Inoculum.  after 36 hrs.
8 hr. broth  incubation at
Type of container  and amount of culture fluid.  culture of  37CC. Pneumo-
coCCUs  Anae-  Atmos-
peII.  robic  pheric
jar.  oxygen.
CC.
250 cc.  Erlenmeyer flask containing 50 cc. of broth.  0.5
250  "  "  "  "  50  "  "  0.5  +
In  Experiment  2  the  growth  conditions  of  both  cultures  were
identical,  with the exception  that one was  deprived  of oxygen,  while
the other  grew at atmospheric  tension.  In the culture  grown under
anaerobic  conditions  no peroxide was  demonstrable.  In the  aerobic
culture a strongly positive test for peroxide was obtained.
An  effort has been made  to investigate further  the occurrence  and
the time of appearance of peroxide with respect to the oxygen exposurePEROXIDE  IN  CULTURES  OF  PNEUMOCOCCUS
of the medium.  In Experiments 3, 4,  and 5, the ratio of surface  area
to  total volume  of  culture  fluid has  been  used  as  a measure  of  the
access of oxygen to the medium.
The  Time of Appearance of Peroxide When  the Surface Area-Volume
Ratio Is Increased(O.8)  .-The following experimentwasplanned  to show
the time of  appearance  of peroxide in a pneumococcus  culture  grown
under conditions  favorable  for peroxide  production.  During growth
of the culture,  fractions were examined  at intervals, by colony count
and  pH  determinations,  to  ascertain  at what  phase  of  the  growth
peroxide  first appeared.
TABLE  III.
Time  of  Appearance  of Peroxide in  Broth  Culture with  a Large Surface Area-
Volume  Ratio (0.8).
lime after seeding  No.  of colonies per cc.  H  f  Presence  of peroxide
Pneumococcus  Type II.  of culture.  pH of substrates.  culture
Brs.
0  3,960  7.7  0
4  273,000  7.7  0
7  8,600,000  7.7  0
10  50,500,000  7.4  +
13  450,000,000  7.3  ++
16  179,000,000  7.3  .+
Experiment 3.-In  a  4  liter  Erlenmeyer  flask,  450  cc.  of broth  were  placed.
The medium formed a shallow layer about 2 cm. in depth.  In this experiment the
ratio  of  surface area  to total volume  of the medium was 0.8  (Text-fig.  1).  This
was  seeded with 0.5 cc.  of a  6 hour culture  of  Pneumococcus  Type II.  At inter-
vals  during incubation  samples  of the culture  were  removed,  and  colony  counts
made  by  plating  measured  amounts  in  glucose  agar.  Portions  of  these  same
samples  were passed through Berkefeld  filters, and pH determinations  were made
on the  filtrates  by the  colorimetric  method.  Each  sample  of culture  fluid  was
tested immediately  after filtration for the presence  of peroxide.  The results are
given  in Table  III.
From  the  colony  counts  and pH  determinations  recorded in Table
III,  it  is seen  that under  the cultural  conditions  of  this  experiment
the usual  period  of  bacterial  lag was  avoided.  Immediate multipli-
cation  of  the  organisms  occurred,  and  growth  progressed  steadily
until  about  the  13th  hour,  when  autolysis  began.  Peroxide  was
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absent  in the fractions of  the culture  removed  before  and at the 7th
hour  of incubation.  All fractions  removed  after  the  10th  hour  con-
tained  peroxide.  The  formation  of  peroxide,  measured  by  the
intensity  of  the  color  change  in  the  benzidine  reagent,  reached  its
maximum  at  the  16th  hour  of  incubation.  Under  these  favorable
conditions  of growth  and oxygen  tension,  peroxide  was demonstrable
in the culture filtrate between  the 7th and  10th  hours of incubation;
that  is, at a time when  the culture  was in the logarithmic  phase  of
growth, as indicated by the colony count and by the changing pH.
Time  of  Appearance of  Peroxide When  the  Surface  Area-Volume
Ratios Are Diminished (0.4 and 0.2).-As pointed  out, for the  rapid
I  I  T  I  I  Y  I
A  Ratio-I  B.  Ratio-0.8  C. Ratio-0.4  D. Ratio-0.2
Area
TExT-FIG.  1. Diagram  to  illustrate  Volume ratios in Experiments 3,  4,  and 5. Volume
The  black  portion  represents  the  surface  area  exposed  to  air.  A  represents  a
hypothetical volume of fluid,  the exposed surface area of which is 1 sq.  cm. per cc.
B,  C,  and D, similarly,  represent  volumes,  the  exposed  surface  areas  of which
are respectively 0.8, 0.4, and 0.2  sq. cm. per cc.  B, C, and D represent the actual
exposed  surface  area to volume relations  which were  employed in Experiments  3,
4, and 5, respectively.
appearance  of  peroxide  in  aerobic  cultures  of  pneumococcus,  the
free  access  of  oxygen  is  essential.  Accordingly,  the medium  should
be  exposed  in  a  shallow  layer  with  a  large  surface  area  in  contact
with air.  In the  absence of  this  condition, peroxide  may occur,  but
its appearance  is markedly  delayed.
Experiment 4.-A 300  cc.  Florence flask containing  150  cc.  of plain broth  was
inoculated with 0.2 cc. of  a 6 hour broth culture of Pneumococcus Type II.  The
use  of a relatively  large inoculum from  a rapidly growing  pneumococcus  culture
insured immediate growth.  The  flask was incubated  at 370C.  and, at the  inter-
vals noted in  Table  IV,  1 cc. portions  of the  culture  were removed  and  tested
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for  peroxide.  Autolysis  of  the  culture  was  evident  after  18  hours  incubation.
In this  experiment  the ratio  of  surface  area  to total volume  of the  medium was
0.4  (Text-fig.  1).  The results of the peroxide tests are  given in Table IV.
Analysis  of  the results presented in Table  IV indicates  that when
pneumococcus  is grown in broth in which  the ratio  of surface  area  to
total volume is such that 0.4 sq.  cm. per cc.  of the medium is exposed
to  air,  the  presence  of  peroxide  is  demonstrable  only  after  a  con-
siderable period of time  (between  2  and 3 days in Experiment  4).
If pneumococcus  is  grown  aerobically  in  a  flask  still  larger  than
that  used in Experiment  4,  thus  allowing  a greater  surface  of  fluid
to  be  exposed  to  air,  but  in  a  volume  so  great  that  the  surface
area of the fluid is, as compared  with its total  volume,  actually much
TABLE  IV.
Time  of Appearance of Peroxide in Broth Culture with the  Average  Surface Area-
Volume  Ratio (0.4).
Amount of broth and type of  Time after
container  used.  seeding.
hrs.
300  cc.  Florence  flask  contain-  0.2  cc.  of  a  6  hr.  broth  12  0
ing 150 cc.  of broth.  culture  of  Pneumo-  24  0
coccus Type II:  48  0
74  +
98  ++
122  +++
less  than  in  Experiment  4,  peroxide  should  not  become  demon-
strable  until  an  even  later  time.  This  point  was  investigated  in
Experiment  5.
Experiment 5.-A 3 liter Florence flask containing  1,500  cc.  of plain broth was
seeded with 5 cc. of an 8 hour culture of Pneumococcus  Type II and placed in the
incubator  at 370C.  At  the intervals noted in  Table  V,  1 cc.  portions of the cul-
ture  were  removed  and  tested  for  peroxide.  In  this  experiment  the  ratio  of
surface  area  to  total volume  of  the  medium  was  0.2  (Text-fig.  1).  The results
are recorded in Table  V.
In  Experiment  5,  the  ratio  of  surface  area  to  volume  of  culture
fluid  was  less  than  in  Experiment  4;  in  Experiment  4  the  actual
surface  area per  cubic  centimeter  of  culture  fluid  that was  exposed
to  air was  twice  as  great  as that in Experiment  5.  The  conditions,
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therefore,  in the  two  experiments  were  such  as  so to  alter  the ratio
of surface area to volume that proportionately less of the total medium
was in direct contact with air in Experiment  5 than in Experiment 4.
Under  these  conditions  peroxide  was  not  demonstrable  until  after
the  17th  day  of  incubation,  at a  time  when  marked  autolysis  was
present.  Reference  to Text-fig.  1, in which is illustrated  the  actual
surface  area  to volume ratios used in Experiments 3,  4, and 5,  makes
it evident that the larger this ratio the earlier is the time of appearance
of peroxide in the culture fluids.
In Experiments 4 and 5, in which the time of appearance  of peroxide
was  delayed,  it does not seem  likely  that peroxide  actually was  not
formed.  Under  these conditions it seems more reasonable  to assume
TABLE  V.
Time  of  Appearance  of Peroxide in  Broth  Culture with a Small Surface Area-
Volume Ratio (0.2).
Amount of broth and type of  Inoculum.  Time after  Peroxide  test.
container  used.  seeding..
days
3,000  cc.  Florence  flask  con-  5 cc.  of  an  8 hr.  broth  6  0
taining  1,500  cc.  of broth.  culture  of  Pneumo-  14  0
coccus Type II.  17  0
19  +
* Between  the 6th and 14th days tests were performed  daily.
that it is produced  only  at the surface  of  the culture  fluid  and  that
by  diffusion it is either  diluted  in the  total volume  beyond  a  point
which  gives  a positive  test,  or that, as it diffuses into  the medium it
is  destroyed  by  other  substances  present  in  the  culture  fluid.
The Effect of Catalase  on Peroxide  A ccumulation.-Hydrogen  peroxide
is rapidly  decomposed in the presence of  the catalase of  plant tissue.
It  seemed  of  interest,  then, to determine whether peroxide is demon-
strable  in  a  broth  culture  of  pneumococcus  grown  in  the presence
of fresh plant tissue  (5).
Experiment 6.-A  250  cc.  Erlenmeyer  flask  containing  50  cc.  of plain  broth
and  pieces  of sterile,  unheated potato,2 was placed  in the incubator  at 37°C.  for
2 Sterile  cylindrical  pieces  of raw  potato,  1 by  2.5 cm.,  were  obtained  by the
technique described in a previous communication  (Thj6tta,  T., and Avery, O.  T.,
J.  Exp.  Med.,  1921,  xxxiv,  455).
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24 hours  to insure  sterility.  A  flask  of  the  same size  and  containing  the  same
amount of  broth,  without vegetable  tissue,  served  as control.  Both flasks  were
inoculated  with  0.5  cc.  of  an  8 hour  broth  culture  of  Pneumococcus  Type  II.
After  18 hours incubation,  both cultures were  filtered  through Berkefeld  candles,
and  the  filtrates  were tested  for  the  presence  of  peroxide.  The  filtrate  of  the
culture  in  plain  broth  alone  gave  a  strongly  positive  peroxide  reaction.  The
filtrate  of the culture containing unheated potato gave a negative  reaction.
In Experiment  6 conditions of oxygen tension favorable for peroxide
formation  were  provided,  but  catalase,  in  the  form  of  unheated
vegetable  tissue,  was  present  in  one  of  the  two  broth  cultures.  In
the  culture  containing  catalase,  peroxide  either  was  not formed,  or
was  so  rapidly  destroyed  that  it  did  not  accumulate  in  quantities
sufficient  to give a positive test.  In the control broth culture, which
contained  no catalase,  peroxide was readily demonstrable.
The results of this and other experiments indicate that the presence
of a catalytic agent in the medium serves to prevent the accumulation
of peroxide in the culture  fluid.  Since peroxides  of  this nature  have
been shown  to be inhibitory  and  even bactericidal,  it  seems not un-
likely  that the  stimulating  influence  of  unheated  plant  tissue  upon
the growth  of pneumococcus  may be attributable,  in part at least, to
the decomposition by the vegetable oxidases of  these deleterious  prod-
ucts of bacterial metabolism.
2. Factors  Influencing the Stability of Peroxide in Cultures of
Pneumococcus.
The Persistence  of Peroxide in Broth Cultures.-In order to ascertain
the length  of  time  peroxide  persists,  when  once  formed,  in pneumo-
coccus  cultures,  several  strains  were  tested  daily for  the presence  of
this substance in the culture fluid.
Experiment 7.-8 hour broth cultures  of  seven  representative  strains3 of pneu-
mococcus  were  each  subcultured  into  15  cc.  quantities  of  plain  broth.  The
broth was placed in Erlenmeyer flasks of such size  that the culture fluid reached a
depth  of  about  1 cm.  At  frequent intervals  during  incubation,  0.5  cc.  samples
of  each  culture  were  tested  for  the  presence  of  peroxide.  It  was  found  that
peroxide  was  present  in  every  instance  after  18  hours  at  370C.  After  6  days
3  Four strains of  Pneumococcus  Type I, one  strain  of Pneumococcus  Type II,
one strain  of Pneumococcus  Type III, and one strain of Pneumococcus  Group  IV.
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incubation  at 37C.,  the peroxide  reaction  had become  faint,  though  it was still
present in all cultures.  At  the end of  the  12th  day of incubation,  it had disap-
peared from all cultures  save one.
Under the conditions  of Experiment  7, peroxide  was present  at the
18th  hour  of  incubation  in  all  of  the  seven pneumococcus  cultures
tested.  The color  reaction denoting the presence  of peroxide  showed
a  tendency to  diminish in intensity after  the  cultures had been  incu-
bated for about 6 days.  During the period between the 6th  and  12th
days  of incubation,  the test for peroxide  became  negative  in all  but
one of the cultures.  In the latter culture  (Type I)  peroxide was still
present at the end of the 12th day of incubation.
The  Influence  of  Hydrogen  Ion  Concentration,  Temperature,  and
Oxygen  Tension on the  Stability of Peroxide.-Early  in  the  study  of
the  occurrence  of  peroxide  in  culture  filtrates  of  pneumococcus,  it
became  evident  that,  under  certain  conditions,  this  substance  was
quite labile,  and that in  this respect  it  behaved in a manner  similar
to commercial  hydrogen  peroxide.  It  seemed  of  interest,  therefore,
to determine the influence of certain factors, as temperature, hydrogen
ion  concentration,  and  exposure  to  air,  upon  the  stability  of  this
substance in culture fluids.
Experiment 8.-A  culture  of  Pneumococcus  Type  I was  grown  in  450  cc.  of
plain broth  in  a  2 liter  Erlenmeyer  flask.  At  the  end  of  36  hours  incubation
400  cc.  of  the  culture  were  removed  and  passed  through  a Berkefeld  N  filter.
The filtrate  was  divided  into  three parts:  one fraction  was  adjusted  to pH 5.1;
the second to pH 7.1; and the third to pH 7.8.  The three fractions gave a strongly
positive  test for peroxide.  Tubes  containing  the  filtrate at these  three  different
hydrogen  ion  concentrations  were  stored  at 4  and  37°C.  in  the  dark.  Half  of
the tubes were  stored without seal; air was excluded from the remaining tubes by
a  vaseline  seal  1 cm.  deep.  Tests  for  the  persistence  of  peroxide  under  these
different conditions  were  made at 4, 7, 10,  and  14 day  intervals.  The results of
the experiment  are given in Table VI.
It  is  seen  from  the  results  given  in  Table  VI,  that peroxide  dis-
appears  relatively rapidly from  pneumococcus  culture filtrates  when
the latter are stored in the dark at 37°C.  In the absence  of light at
4°C.,  however,  the  substance  is  relatively  stable,  regardless  of
whether  the reaction  of  the filtrate is neutral,  acid,  or alkaline.  On
the other hand, at 37°C. in the dark, peroxide  is less stable in culture
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filtrates  of pH  7.8  than in those  of  reactions  of pH 7.1  or  5.1.  The
exclusion  of  air by means  of  a vaseline seal favors the disappearance
of  peroxide  from  pneumococcus  culture  filtrates.  This  latter  phe-
nomenon  is due, possibly,  to the action of certain reducing substances
in the filtrate.
TABLE  VI.
Influence of  Temperature, pH, and Exclusion of Air upon the Stability of Peroxide
Formed in Pneumococcus Culture Filtrates.
Pneumococcus  Peroxide  tests upon filtrate stored in the  Peroxide tests upon filtrate stored
culture filtrate.  dark at 4'C.  in the dark at 37°C.
pH  Vaseline  4 days.  7 days.  10 days.  14  days.  4 days.  7 days.  days.  days.
5.1  +  +  +  +  +  +  0  0  0
5.1  0  +  +  +  +  +  +  0  0
7.1  ±  +  +  +  +  +  0  0  0
7.1  0  +  +  +  +  +  0  0
7.8  +  +  +  +  +  0  0  0  0
7.8  0  +  +  +  +  0  0  0  0
Influence of Heat on the Stability of Peroxide.-
Experiment 9.-A  250  cc.  Erlenmeyer  flask  containing  50  cc.  of  broth  was
seeded  with  a  6  hour broth  culture  of  Pneumococcus  Type  II.  After  27  hours
at 37C. the  culture  was passed  through a Berkefeld  filter.  The filtrate  gave a
positive  peroxide  reaction.  Two  fractions  of  the  filtrate were  placed  in boiling
water,  one  for  5 minutes,  and  the other  for  15  minutes.  A  third fraction  was
autoclaved  at  16  pounds pressure  for  10  minutes.  The  filtrate  which had been
subjected  to  1000C. for  5 minutes showed  a faintly  positive  reaction.  The por-
tions  of  filtrate  which  had been exposed  to  1000C.  for  15  minutes,  and  1200C.
for  10  minutes,  gave  a  negative  test.
Peroxide, in the concentrations present in the culture filtrate tested
in  this  experiment,  was  partially  destroyed  by  exposure  to  1000C.
for  5  minutes,  and  completely  destroyed  by  exposure  to  1000 C.
for  15  minutes,  and  1200C.  for  10  minutes.  McLeod  and  Gordon
(2)  found  that  the hydrogen peroxide formed in bacterial cultures  is
sensitive  to heat,  decomposing rapidly at temperatures  above  850C.
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3.  The Occurrence of Peroxide in Cultures of  Pneumococcus, Strepto-
coccus viridans, Streptococcus mucosus, Streptococcus hemo-
lyticus, and Staphylococcus aureus; Time of
Appearance and Disappearance.
In  order  to  extend  these  observations  to  representatives  of  the
commoner  pathogenic  Gram-positive  cocci,  the  following  organisms
were  tested  under  conditions favorable  for the  production and  accu-
mulation  of  peroxide:  7 strains  of  pneumococcus,4 including  repre-
sentatives  of  Types  I, II,  and  III,  and  Group IV; 6 strains  of  non-
hemolytic  streptococci;5  3 strains  of Streptococcus mucosus;6 2 strains
of Staphylococcus aureus; 7 and 23  strains of Streptococcus hcemolyticus.8
14  of  the  23  strains  of  hemolytic  streptococci  studied  were  of  the
human type,  and 9 were isolated from dairy sources.
Experiment 10.-All  of  the  41  strains  of  Gram-positive  cocci, studied  were
removed  from media  containing  blood  or  other  catalytic substance  by at  least
three subcultures in plain broth.  0.1 cc.  of an 8 hour broth culture of each strain
was seeded into a 50  cc. Erlenmeyer flask containing 25  cc.  of plain broth.  After
18 hours at 370C.  all strains  were subcultured  upon blood agar plates in order  to
verify the  purity of  the  cultures.  Tests for peroxide  were  made after  18  hours
at 37°C.  and thereafter at intervals of about 24 hours  for a period of  12 days.
Each  strain  of  pneumococcus  and  Streptococcus  viridans studied
gave  the  peroxide  test at  the  end  of  18  hours  incubation.  Of  the
three strains of Streptococcus mucosus only one gave a positive reaction
at any  time  and  in this  instance  the  reaction  appeared  first  on  the
3rd  day.  The  two  strains  of  Staphylococcus aureus gave  negative
tests  throughout  the  period  of  observation.  Staphylococcus aureus
possesses  an active  catalase,  and  to  this fact may  be  attributed  the
absence  of  peroxide.  Of  the  twenty-three  strains  of  Streptococcus
htemolyticus,  eight,  or  35 per  cent, gave  no peroxide  reaction.  Per-
4  Pneumococcus:  strains, J.15, J.17,  J.18, J.32,  J.33,  D.39, and  1/191/11.
5  Non-hemolytic  streptococcus:  strains,  A.179,  A.148,  B.26,  B.38,  D.38,  and
E.1.
6  Streptococcus mucosus: strains, M.I, M.II, and Ching.
7 Staphylococcus aureus: strains, Staph. 0. and Staph. R.
8 Streptococcus hemolyticus:  strains,  37,  127,  66,  137,  55,  60,  19,  89,  21,  84,
23, 60 A, 32,  273, W.G.,  C.57, Phila.,  M.93, Man., R. milk, Anc., S.F.,  M.43.
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oxide  was demonstrated  in the culture  fluid  of the remaining  fifteen
strains  (65  per  cent).  The  average  time  of  appearance  of  peroxide
in cultures of Streptococcus hemolytkius was between  the  3rd and 5th
days  of  incubation.  Two  of  these  strains  gave  a  positive  reaction
before  the  86th hour  of  incubation,  and  four  gave it only  after  the
110th  hour.  Of  the  total number  of  hemolytic  streptococci  studied,
it is interesting  to observe  that twelve, or  84 per cent,  of the fourteen
strains  of  the human  type  showed  the  formation  of  peroxide,  while
six, or 66 per cent, of the nine strains from dairy sources gave negative
results.
SUMMARY.
1. Conditions  which  favor  the  formation  and  accumulation  of
peroxide in broth cultures of pneumococcus are free access  of  air,  and
the  absence  of  catalase,  peroxidase,  and  other  catalysts  capable  of
decomposing  this compound.  Under  these favorable conditions  per-
oxide becomes demonstrable in the culture fluid during the logarithmic
phase  of growth and persists  for a period of at least 6 to  12  days.
2.  In  the  absence  of  these  favorable  conditions  the  formation  of
peroxide  is  inhibited.  In  a  culture  with  deficient  oxygen  exposure
the  accumulation  of peroxide  is  delayed;  when  anaerobic  conditions
are maintained the substance is not formed.  In the presence of active
catalysts,  peroxide  does not accumulate in the medium  in quantities
sufficient to  give a positive reaction.  The  accumulation  of peroxide
in pneumococcus cultures  is dependent upon the balance between the
amount  produced  by the microorganisms  and  the amount destroyed
by substances  in the medium.
3.  The  peroxide  formed  in  pneumococcus  cultures  is  unstable.
It  gradually  disappears  during  prolonged  incubation  at  370C.;  it is
less  stable in  alkaline  than in neutral or acid media.  It  is destroyed
in  culture  filtrates  exposed  to  the  temperature  of  boiling  water  for
15  minutes,  and  to  that  of  steam  under  pressure  (15  pounds)  for
10 minutes.
4.  Peroxide  formation  occurred  early  in  broth  cultures  of  the
seven strains of pneumococcus  and of the six strains of non-hemolytic
streptococci  studied.  Fifteen of twenty-three  strains of Streptococcus
hamolyticus and one  of three  strains of Streptococcus mucosus formed
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peroxide.  In  the positively reacting  cultures  of Streptococcus hcemo-
lyticus  and  Streptococcus mucosus  the presence  of  peroxide  was  not
demonstrable until the 3rd to 5th  day of incubation.  Peroxide could
not  be  detected  at  any  time  during  growth  of  the  two  strains  of
Staphylococcus aureus.
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